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Description 

Background of the Invention 

[0001] The present invention relates generally to the field of seed layers for subsequent metallization. In particular, 
this invention relates to methods for depositing and repairing seed layers prior to metallization. 
10002] The trend toward smaller microelectronic devices, such as those with sulmiicron geometries, has resulted 
in devices with multiple metallization layers to handle the higher densities. One common metal used for forming metal 
lines, also referred to as wiring, on a semiconductor wafer is aluminum. Aluminum has the advantage of being relatively 
inexpensive, having low resistivity, and being relatively easy to etch. Aluminum has also been used to form intercon- 
nections in vias to connect the different metal layers. However, as the size of via/contact holes shrinks to the sub- 
micron region, a step coverage problem appears which in turn can cause reliability problems when using aluminum to 
fbmi the interconnections between the different metal layers. Such poor step coverage results in high cun-ent density 
and enhances electromigration. 

[0003] One approach to providing improved interconnection paths in the vias is to fomi completely filled plugs by 
using metals such as tungsten while using aluminum for the metal layers. However, tungsten processes are expensive 
and complicated, tungsten has high resistivity, and tungsten plugs are susceptible to voids and form poor interfaces 
with the wiring layers. 

[0004] Copper has been proposed as a replacement material for interconnect metallizations. Copper has the advan- 
tages of improved electrical properties as compared to tungsten and better electromigration property and lower resis- 
tivity than aluminum. The drawbacks to copper are that it is more difficult to etch as compared to aluminum and tungsten 
and it has a tendency to migrate into the dielectric layer, such as silicon dioxide. To prevent such migration, a barrier 
layer, such as titanium nitride, tantalum nitride and the like, must be used prior to the depositing of a copper layer. 
[0005] Typical techniques for applying a metal layer, such as electrochemical deposition, are only suitable for applying 
copper to an electrically conductive layer. Thus, an undertying conductive seed layer, typically a metal seed layer such 
as copper, is generally applied to the substrate prior to electrochemically depositing copper. Such seed layers may be 
applied by a variety of methods, such as physical vapor deposition ("PVD") and chemical vapor deposition ("CVD"). 
Typically, seed layers are thin in comparison to other metal layers, such as from 50 to 1500 angstroms thick. 
[0006] Oxide on a metal seed layer, particulariy a copper seed layer, interferes with subsequent copper deposition. 
Such oxide forms from exposure of the metal seed layer to sources of oxygen, such as air. Typically, the longer such 
seed layer is exposed to oxygen, the greater the amount of oxide fomnation. Where a copper seed layer is thin, the 
copper oxide may exist as copper oxide throughout the layer. In other areas of electroplating, such as in electronics 
finishing, copper oxide layers are typically removed by acidic etching baths. These baths dissolve the oxide layer, 
leaving a copper metal surface. Such etching processes are not generally applicable to copper seed layers because 
of the thinness of the seed layer. As the oxide is removed from the seed layer surface there is the danger that the entire 
seed layer may be removed in places, creating discontinuities in the seed layer. 

[0007] US Patent No. 5,824,599 (Shacham-Diamand et al.) discloses a method of preventing oxide formation on the 
surface of a copper seed layer by confonnally blanket depositing under vacuum a catalytic copper layer over a bamer 
layer on a wafer and then, without breaking the vacuum, depositing a protective aluminum layer over the catalytic 
copper layer. Such blanket deposition of a copper layer under vacuum is typical of such procedures used commercially. 
[0008] PCT patent application number. WO 99/47731 (Chen) discloses a method of providing a seed layer by first 
vapor depositing an ultra-thin seed layer followed by electrochemically enhancing the ultra-thin seed layer to form a 
final seed layer using an alkaline copper bath. According to this patent application, such a two step process provides 
a seed layer having reduced discontinuities, i.e. areas in the seed layer where coverage of the seed layer is incomplete 
or lacking. However, such electrolytic copper deposits are not as confomnal as electroless deposits. Thus such elec- 
trolytic deposits may not provide substantial fill of discontinuities without substantial upward plating. 
[0009] Physical or chemical vapor deposition methods do not provide metal layers having as low impurity deposits 
as that provided by non-vapor deposition processes such as electrolytic and electroless deposition. Further, PVD meth- 
ods tend to deposit metal in a line of sight fashion. Electroless deposition, unlike PVD or CVD. tends to be confomial, 
thus providing better aperture sidewall coverage leading to a more continuous seed layer and, consequentiy. reduced 
void formation following subsequent electroplating. However, conventional colloidal palladium catalysts for electroless 
plating typically contain sti-ong acids which could strip off thin copper seed layers. Such conventional catalysts also 
contain tin which must be stripped prior to electroless plating. If such tin is not completely removed, defects in the 
plated film may result. 

[0010] Organic dielectric materials used in these applications typically have a lower dielectric constant than conven- 
tional dielectric materials. However, such organic dielectiics cannot suitably be used because the processing terriper- 
atures for the physical vapor deposition of bamer layers is too high. 

[001 1] Thus, there is a continuing need for methods of depositing substantially continuous seed layers that conform 
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to surface geometries in eiectronic devices, particularly in devices having small geometries such as 0.5 micron and 
below. Also, there Is a need for lower temperature processes for depositing barrier layers. There is a further need for 
non-electrolytic methods for enhancing discontinuous seed layers. 

5 Summary of the Invention 

[0012] it has been surprisingly found that the present compositions are suitable for enhancing or repairing disconti- 
nuities in a seed layer, particularly a copper seed layer. Also, the present invention is suitable for depositing thin copper 
seed layers without the use of tin. The present electroless plating catalysts are neutral to alkaline and thus are less 
fo harmful to thin copper seed layers than conventional acidic electroless catalysts. 

[0013] In one aspect, the present invention provides a composition suitable for depositing an electroless plating 
catalyst on a substrate having < 1 ^m apertures including one or more metal salts, one or more copper complexing 
agents, one or more organic binders, one or more reducing agents and base. 

[0014] In a second aspect, the present invention provides a method for depositing an electroless plating catalyst on 
15 a substrate having < 1 p,m apertures including the step of contacting the substrate with a composition including one or . 
more metal salts, one or more copper complexing agents, one or more organic binders, one or more reducing agents 
and base. 

[0015] In a third aspect, the present invention provides a method for enhancing a discontinuous seed layer including 
the steps of: contacting a substrate including a discontinuous metal seed layer with a composition including one or 

20 more metal salts, one or more copper complexing agents, one or more organic binders, one or more reducing agents 
and base; activating the catalyst; and contacting the catalyst with an electroless plating solution. 
[0016] In a fourth aspect, the present invention provides a method for depositing a metal seed layer on a substrate 
including the steps of: contacting a substrate with a composition including one or more metal salts, one or more copper 
complexing agents, one or more organic binders, one or more reducing agents and base; activating the catalyst; and 

25 contacting the catalyst with an electroless plating solution. 

[0017] In a fifth aspect, the present invention provides a method for manufacturing an integrated circuit including the 
steps of: contacting a substrate with a composition including one or more metal salts, one or more copper complexing 
agents, one or more organic binders, one or more reducing agents and base; activating the catalyst; and contacting 
the catalyst with an electroless plating solution. 

30 [001 8] In a sixth aspect, the present Invention provides an electronic device including an electroless plating catalyst 
wherein the catalyst is deposited from a composition including one or more metal salts, one or more copper complexing 
agents, one or more organic binders, one or more reducing agents and base. 

Detailed Description of the Invention 

35 

[0019] As used throughout this specification, the following abbreviations shall have the following meanings, unless 
the context clearly indicates otherwise: ° C = degrees Centigrade; fim = micron = micrometer; g/L = grams per liter; M * 
= molar; HPC = hydroxypropylcellulose; HMC = hydroxymethylcellulose; TMAH = tetramethylammonium hydroxide; 
PVOH = poly(vinyl alcohol); KOH = potassium hydroxide; HPA = hypophosphorus acid; SF = sodium formate; and SHP 

^0 = sodium hypophosphite. 

[0020] As used throughout the specification, "feature" refers to the geometries on a substrate, such as, but not limited 
to, trenches and vias. "Apertures" refer to recessed features, such as vias and trenches. The term "small features" 
refers to features that are one micron or smaller In size (< 1 fim). "Very small features" refers to features that are one- 
half micron or smaller in size 0.5 \vm). Likewise, "small apertures" refer to apertures that are one micron or smaller 

45 in size and "very small apertures" refer to apertures that are one-half micron or smaller in size. As used throughout 
this specification, the term "plating" refers to metal electroplating, unless the context clearty indicates othenwise. "Dep- 
osition" and "plating" are used interchangeably throughout this specification "Halo" refers to fluoro, chloro. bromo. and 
iodo. Likewise, "halide" refers to fluoride, chloride, bromide and iodide. "AlkyI" includes straight chain, branched and 
cyclic alkyi groups. 

50 [0021] All percentages and ratios are by weight unless otherwise indicated. All ranges are inclusive and combinable. 
[0022] The present invention provides compositions suitable for depositing an electroless plating catalyst on a sub- 
strate having < 1 \x,m apertures including one or more metal ions, one or more copper complexing agents, one or more 
organic binders, one or more reducing agents and base. Any metal salt suitable for use as an electroless plating catalyst 
may be used in the present invention. Such metal salts include, but are not limited to: cobalt salts, copper salts, platinum 

55 salts, palladium salts, and the like. Copper and palladium salts are the preferred catalysts. Such salts are typically at 
least partially soluble in the solvent used, typically water. Thus any solvent soluble metal salt is suitable. Exemplary 
metal salts include metal hydroxides, metal halides, metal gluconates, metal acetates, metal sulfates, metal nitrates, 
metal sulfonates, metal alkylsulfonates, metal arylsulfonates, metal fluoroborates and the like. The choice of such 
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catalysts are within the ability of one skilled in the art. 

u"^ °' more.metal salts are typically present in the compositions of the invention In an amount of from 
^1^!^}'^^°'^ to 10 g/L and more preferably from 1 to 8 gIL. A particularty useful range 
nnZ 1 ! . T ^ """"lercially available and may be used without further purification. 
[0024] A Wide variety of water soluble copper complexing agents may be advantageously used in the present inven- 
tion. Preferably, such chelating agents are water soluble. By "wafer soluble" it is meant that the chelating agent is 

^JltJr" 7 ? "P"" °' '* ^'^^^^ P^^f^^^** ^^^'^ agents are organic acids or 

salts thereof.andmorepreferably organic cart)oxy1lcacidsorsaltsthereof.Suitableorganicacids are any water soluble 
3rrrr T?!?'"!!^ °T °' "^'^ «=«*oxylate groups. Exemplary preferred organic adds include, but are not 
r r tLfl"^ T'^'^'l (C2-Ci2)alkyldicartx,xyllc acids. (C,-Ci2)alkyltricart,oxylic acids, substituted 
C,-Ci2 a kylcarboxylic aads. substtuted (CVCi^jalkyldicarboxylic acids, substituted (C,-C,2)alkyltricart,oxylic acids 
^'^'tZlZT'^T ^T- (C2-Ci2)alkenyldicart>oxylic acids. (C^-C^jalkenyltricarboxylic acids, substituted 
(C2-Ci2)alkenylcart)oxylic aads, substituted (C2-Ci2)alkenyIdlcart)oxylic adds, substituted (CrC„)alkenyltricart)oxy. 

^'y'^'=*°'^"'= ^<='ds. substituted anrlcart,oxylic adds and the like and their salts. By 
substrtuted alkyl.- -substituted alkenyT or "substituted aryl" it is meant that one or more hydrogens on the alkyl or 
f r ^».j!,'.h°' "? K '^^^'^'^ substltuent group sud, as halo, hydroxyl. (C,-C6)alkoxy. cyano. 

^-C6)alkylthio, phenyl, phenoxy and the like. Amine cartx^xylic adds indude amine tetracart)oxylic adds such as 
efl^ylenediamine tetracartjoxylic add ("EDTA"), and amine pentacart,oxylic adds. Particularty useful organic acids in- 
clude formic acid acetic add, propionic add. oxalic acid, malonic add. sucdnic add. glutaric add. adipic add. glucolic 

^^"^ benzenetri^rt>oxylic add. salidlic adZd 

JT ITT ^""^ P^^se"^ compositions is typically in the range of from about 0.1 to about 

25 grt. preferably from 0.5 to 20 g/L and more preferably from 2 to 1 5 g/L. The spedfic amourit of organic will depend 
upon the particular metal salt and the partcular organic add dnosen. The organic adds are comrlferdally avaXble 
from a vanety of sources and may be used without further puriiication 

S» ^^'^"^^y binders are suitable in the present composittons. Sud, binders are typically water- 

f°*'^ZTT' ^•^'^ ^'^^^^^^^^ binders may be small molecules or polymeric. Suitable 

l^^H h„H ^y:'""V'=«""'°s«- hydroxyalkylcellulose sudi as hydroxymethylcellulose. hydroxyethylcellu- 

tose and hydroxypropylcellulose. polysacdiaride polymers, cellulose polymers, derivatized cellulose pollers poly 

hvdr^hT"""? "'"l^T^ '"''^^ '"^ Poly^^ethane polymers having alternating ^ydrophobte 

and hydrophilic moieties, p 

Si hv* r P^f^-^^d binders are cellulose, hydroxycellulose. hydrexymethylceHu- 

lose, hydroxyethylcellulose and hydroxypropylcellulose. • » y cuiyiuenu 

Sl'^pfe^hJ,?''^'^ may be used in a wide range of amounts and typically in the range of from about 1 to about 30 
g/L^Preferably, the organic binders are used in an amount of form 5 to 25 g/L and more preferably 10 to 20 g/L These 
Sln^^i^ ^^"^'^ commerdally available and may be used without further purification. 

J^^T'l^^X"^ '^."""^ ""^y ^ "^^^ P^«^^"« compositions. Suitable reducing agents indude 
follTHr? 1"™?"^ I hypophosphortis add. sodium hypophosphite. potassium hypophosphite. sodium borohydride 
nvrt^iJ ? d""ethylam,ne borane. trimethylamine borane, methylmorpholino borane, morpholino borane. diisopro^ 
TZl hTT phosphite, potassium phosphite, tartaric add. glucose, glycerine, so- 

M^th 1 M ♦ri<=bloride. hydrazine, thiourea, methylthiourea 
N-methylthiourea, N-ethylthiourea. hydrequinone. bivalent cobalt compounds, and the like. Preferred reducing agente 
indude hypophosphonjs acid, sodium hypophosphite and sodium formate 

In^LH^V.^'^^'T^ f ^ ^^'^^^ P'^'^"* co^iPositions of the invention in an amount of from about 5 

t n^ S .T i ^° *° ^° ^"""^ ^^^"'='"9 ^S^"*^ commercially available and may 

be used without further purification., ^ 

S ii^^h'^ organic or inorganic base may be used In the present compositions. Suitable bases indude, but 
are not limited to: alkali and alkaline earth hydroxides sud, as lithium hydroxide, sodium hydroxide, potassium hydrox- 
Je^arnmonium hydroxide; alkylammonium hydroxides such as letra(C,-C,)alkylammonium hydroxides sud, as ti 
«mnnll?r°".'r ^ f ^' ^^^^^^^s and the like. Sud, bases are present in the compositions in an 

amount sufficient to provide a pH of the compositions of about 7 or greater, preferably from about 7.5 to about 13 5 

more preferably from8to13.still more preferably from8.5to 12. and even more preferably from10to12. The particula; 

^^^I! !" ^^'^ °^ ^'^^'^P'^- a <=°PPer salt is used in the present 

compositions, a particularly suitable pH range is from about 7.5 to about 8 0 

(0031] The present compositions may be prepared by combining the one or more metal salts, one or more organic 
acids one or rriore organic binders, one or more reducing agents and one or more bases in any order. In one embod- 

L^rllTf I""* "^'^^"'"^ ^y ^ °^9^™<= binder, base, redudng agent 

and water to final volume. Preferably the organic binder is added to the mixture slowly to avoid dumping Typically 
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the present compositions are prepared in water, but may be prepared in one or more organic solvents or in a mixture 
of water with one or more organic solvents. Such organic solvents may include, but are not limited to, polyhydroxy 
compounds such as atkanediols and alkanetriols, glycol ethers, glycol ether acetates, and the like. Alkanediols include 
(Ci<C24)alkanediols such as glycols such as ethylene glycol, propylene glycol and the like. Exemplary glycol ethers 

5 include ethylene glycol monomethyl ether, ethylene glycol monobutyl ether, diethylene glycol monomethyl ether, dieth- 
ylene glycol monobutyl ether, triethylene glycol monomethyl ether, triethylene glycol monobutyl ether, diethylene glycol 
dimethyl ether, diethylene glycol dibutyl ether, propylene glycol monomethyl ether, propylene glycol monobutyl ether, 
dipropylene glycol monomethyl ether, dipropylene glycol monobutyl ether, tripropylene glycol monomethyl ether, tripro- 
pylene glycol monobutyl ether, propylene glycol dimethyl ether, propylene glycol dibutyl ether, dipropylene glycol dime- 

10 thyl ether, dipropylene glycol dibutyl ether and the like. Other suitable solvents include propylene glycol monomether 
ether acetate. Water and mixtures of water and organic solvents are preferred, and water is more preferred. 
[0032] The catalyst compositions of the present invention may be applied to a substrate by a wide variety of means 
such as dipping, spraying, flood coating, screen printing, roller coating, spin-coating and the like. Suitable substrates 
Include any used in the manufacture of electronic devices, such as, but not limited to, wafers used in the manufacture 

^5 of integrated circuits, printed wiring board inner layers and outer layers, flexible circuits, multichip modules, connector, 
lead frames and the like. It is preferred that the substrate is a wafer. It is further preferred that the present compositions 
are applied to substrates having small apertures 1 \im), more preferably very small apertures 0.5 ^m) and even 
more preferably <0.18 p.m apertures. Thus, the present invention provides a method for depositing an electroless 
plating catalyst on a substrate having ^ 1 ^m apertures including the step of contacting the substrate with a composition 

20 including one or more metal salts, one or more organic acids, one or more organic binders, one or more reducing 
agents and base. 

[0033] The amount of such electroless plating catalyst deposited on the substrate Is determined by the thickness of 
the applied composition coating or film. Thus, the amount of catalyst deposited may be controlled by controlling the 
amount of the composition applied to the substrate. Such compositions applied to the substrate form substantially 
25 continuous films, i.e. the film of the complex covers > 95% of the surface area of the substrate, preferably > 98%, and 
more preferably > 99%. 

[0034] Once the present compositions are applied to or coated onto a substrate, they are typically dried to provide 
a uniform inactive catalytic film. Such drying may be by a variety of means. Preferably, such drying is performed by 
heating. Typically such heating is performed at a temperature lower than that need to activate the catalyst. For example, 
30 the coated substrate may be dried In air at a temperature of up to about 100^ C, and preferably up to about 90" C. 
Typical drying times will vary with the solvent used in the catalyst composition and the thickness of the catalyst layer 
applied. Such times will be within the ability of one skilled in the art, but suitable may be up to 60 minutes, preferably 
up to 45 minutes, and more preferably up to 30 minutes. 

[0035] After drying, the inactive catalytic film is activated prior to electroless metal deposition. Thus, the present 
35 method further includes an activation step. The inactive catalytic film may be activated by a variety of means such as 
heating such as at elevated temperatures, exposure to carbon dioxide or eximer lasers, exposure to ultraviolet radiation 
and the like. Preferably, catalyst is activated by heating at elevated temperatures such as by placing the catalyst coated 
substrate in an oven. Such heating is typically at a temperature of about > 1 00° C, preferably > 1 1 0° C, more preferably 
> 120° C, still more preferably > 1 30° O, and even more preferably > 140° C or greater such as >200° C. Such heating 
40 to activate the catalyst is typically up to 180 minutes, preferably up to 1 20 minutes, more preferably up to 60 miriutes, 
and even more preferably up to 15 minutes. It will be appreciated by those skilled in the art that selective activation of 
the catalyst is possible using a laser or using UV radiation through a mask. 

[0036] Once the present catalysts are activated, they may be electrolessly plated by a wide variety of metals. Suitable 
metals that can be electrolessly deposited include, but are not limited to, copper, nickel, gold, silver, cobalt, palladium, 
<5 platinum, iron and the like. Such electroless plating solutions typically contain one or more metal ions, one or more 
reducing agents and optionally a complexing agent. Typically, electroless plating solutions are aqueous, but may also 
contain one or more organic solvents. 

[0037] The present invention is particulariy suitable for enhancing a discontinuous metal seed layer on a substrate. 

By "enhancing" a discontinuous metal seed layer Is meant that the seed layer is repaired or extended to substantially 
50 fill in, and preferably fill In, such discontinuities or areas devoid of seed layer. Thus, the present Invention provides a 
method for enhancing a discontinuous seed layer Including the steps of: contacting a substrate including a discontin- 
uous metal seed layer with a composition including one or more metal salts, one or more organic acids, one or more 
organic binders, one or more reducing agents and base; activating the catalyst; and contacting the catalyst with an 
electroless plating solution. 

55 [0038] In an alternative embodiment, the present invention is particulariy suitable for depositing a seed layer on a 
substrate. Such seed layer is deposited electrolessly, which has the advantage of being conformal. Thus, uniform 
conformal seed layers are obtained which overcome the problems of conventional seed layers. Conventional electro- 
less catalysts include palladium which increases the resistivity of a subsequently deposited copper layer. The present 
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invention allows for the use of copper in place of paNadium as the catalyst. Such catalysts including a copper salt are 
particularty advantageous in seed layer depositibn because the resistivity of the subsequently deposited copper layer 
IS not increased. ^ r rr j 

[0039] Thus, the present invention provides a method for depositing a metal seed layer on a substrate including the 
steps of: contacting a substrate with a composition including one or more metal salts, one or more organic adds one 
or more organic binders, one or more reducing agents and base; actuating the catalyst: and contacting the catalyst 
with an electroless plating solution. When the present invention is used to deposit a seed layer on an integrated circuit 
device, the catalyst composition is preferably applied to a barrier layer. Suitable bairier layeis are any which reduce 
or prevent the electromigration of copper. Suitable barrier layers include, but are not limited to. tantalum tantalum 
nitnde, tantalum nitnde silicide, titanium, titanium nitride, tungsten, tungsten nitride and tungsten nitride silicide More 
than one bamer layer may be used, such as titanium followed by titanium nitride and optionally followed by titanium 
nitnde silicide. . 

[0040] The present invention also provides a method for manufacturing an integrated circuit including the steps of- 
contacting a substrate with a composition including one or more metal salts, one or more organic acids one or more 
organic binders, one or more reducing agents and.base; activating the catalyst; and contacting the catalyst with an 
electroless plating solution. Accordingly, the present inventon further provides an electronic device including an elec- 
troless pla«ng catalyst wherein the catalyst is deposited from a composition including one or more metal salts one or 
more organic acids, one or more organic binders, one or more reducing agents and base. 

[0041] Once the present catalysts are activated, they may be electrolessly plated bya wide variety of metals. Suitable 
metals that can be electrolessly deposited include, but are not limited to. copper, nickel, gold, silver, cobalt, palladium 
p atinum. iron and the like. Preferably the electroless plating bath is an electroless copper plating bath. Such electroless 
platng solutions typically contain one or more metal ions, one or more reducing agents and optionally a complexing 
mnT ^"^"y- e'ectroless plating solutions are aqueous, but may also contain one or more organic solvents 
[0042] The metals ions may be present in the electroless plating baths in any soluble fomi. such as nitrates sulfates 
sulfonates, alkylsulfonates. arylsulfonates. halides. fluoroborates, gluconates, acetates and the like. The amount of 
such metal ions depends upon the metel to be deposited and the particular electroless bath used. Such amounts are 
within the ability of one skilled in the art. 

P>043] A wide variety of reducing agents may be used in such electroless baths. Suitable reducing agents include 
but are not limited to. sodium hypophosphite. potassium hypophosphite, sodium borohydride. fomialdehyde. dimeth- 
ylamine borane. tnmethylamine borane. methylmorpholino borane. morpholino borane. diisopropylamine borane L- 
sodium ascorbate. sodium phosphite, potassium phosphite, tartaric add. glucose, glycerine, sodium N,N-diethylgly- 
cine sodium formate, potassium formate, titanium trichloride, hydrazine, thiourea, methylthiourea. N-methylthiourea 
N-ethylthiourea, hydroquinone, bivalent cobalt compounds, and the like. For electroless copper baths, formaldehyde' 
dirnethylamine borane and sodium borohydride are preferred. The amount of such reducing agent in the electroless 
35 bath is well known to those skilled in the art. . 

[0044] Optionally, the electroless baths may contain one or more complexing agents, such as ethylenediamine ED- 
TA, tetramethylenediamine, citrate salte, tartrate salts and the like. 

[0045] The substrate containing the activated catalyst is typically contacted with an electroless plating bath at a 
ernperature and for a f me suffident to deposit the desired metal layer. Sudi times and temperatures vary according 
to the metal to be deposited and the particular electroless plating bath used. Typically, such electroless plating may 
be performed at a temperature from below room temperature to about 95' C, and preferably from 25-^ to SO" C Suitable 
plating times are typically at least about 0.25 minutes, preferably at least about 0.5 minute, and more preferably at 
teast about 5 minutes. Other suHable plating times indude at least about 20 minutes. There is no real upper limit to 
the plating time used. The longer such electroless plating is done, the thicker the resulting metel deposit It will be 
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appreciated by those skilled in the art that the plating rate may slow as the thickness of the deposit increases. 

[00461 Whon ♦he» nraoAn* ir^x,^^*'.^^ :^ t a_ __i .... 



.... ' ^ / — w,. » Mv^ixi .v^o^ VI uic;uc;pu9U IllUloaSCS. 

When the present invention is used to enhance or repair a seed layer having discontinuities, the substrate is 
contacted with the electroless plating bath for a period of time suffident to substantially fill in. and preferably completely 
fill in such discontinuities. When the present invention is. used to deposit a seed layer, such seed layers may be of 
varying thid<nesses. The present invention altows for deposition of ultra-thin, conformal seed layers without the need 
50 for vapor deposition. 

[0047] It will be appreciated that the substrates may be plated until any apertures present in the substrates are 
substantially filled or completely filled by the electroless metal deposit. This has the advantage that only one plating 
bath needs to be employed in the plating of such substrates. As electroless deposition tends to be conformal it is 
preferred that the electroless metel deposit does not completely fill the apertures. Thus, it is preferred that the electroless 
deposit partially fills the apertures and then the substrate is removed from the electroless bath and plated electrolytically 
preferably with the same metel. in this way. void-free bottom-up fill is provided in small apertures, and particularty in 
apertures S 0.18 nm. ' 

[0048] Accordingly, the present invention also provides an article of manufacture induding an electronic device sub- 
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strate containing one or more apertures, each aperture containing an electrotess metal deposit obtained from the 
method of the present invention. 

[0049] Once a semiconductor wafer is plated to fill the apertures according to the present invention, the wafer is 
preferably subjected to chemical-mechanical planarization ("CMP"). A CMP procedure can be conducted in accordance 

5 with the invention as follows. 

[0050] The wafer is mounted in a wafer carrier which urges the wafer against the surface of a moving polishing pad. 
The polishing pad can be a conventional smooth polishing pad or a grooved polishing pad. Such grooved pads are 
well known in the art, such as those available from Rodel, Inc., Newark, Delaware. The polishing pad can be located 
on a conventional platen which can rotate the polishing pad. The polishing pad can be held on the platen by a holding 

10 means such as, but not limited.to, an adhesive, such as, two faced tape having adhesive on both sides. 

[0051] A polishing solution or slurry is fed onto the polishing pad. the wafer carrier can be at a different positions 
on the polishing pad. The wafer can be held in position by any suitable holding means such as, but is not limited to, a 
wafer holder, vacuum or liquid tensioning such as, but not limited to a fluid such as. but not limited to water. If the 
holding means is by vacuum then there is preferably a hollow shaft which is connected to the wafer carrier.. Additionally, 

15 the hollow shaft could be used to regulate gas pressure, such as, but not limited to air or an inert gas or use a vacuum 
to initially hold the wafer. The gas or vacuum would flow from the hollow shaft to the carrier. The gas can urge the 
wafer against the polishing pad for the desired contour. The vacuum can initially hold the wafer into position in the 
wafer carrier. Once the wafer Is located on top of the polishing pad the vacuum can be disengaged and the gas pressure 
can be engaged to thrust the wafer against the polishing pad. The excess or unwanted copper is then removed. The 

20 platen and wafer carrier can be independently rotatable. Therefore, it is possible to rotate the wafer In the same direction 
as the polishing pad at the same or different speed or rotate the wafer in the opposite direction as the polishing pad. 
[0052] Thus, the present invention provides a method for removing excess material from a semiconductor wafer by 
using a chemical mechanical planarization process which includes contacting the semiconductor wafer with a rotating 
polishing pad thereby removing the excess material from the semiconductor wafer; wherein the semiconductor wafer 

25 contains a seed layer which has been prior deposited or enhanced according the method described above. 

[0053] The following examples are presented to illustrate further various aspects of the present Invention, but are 
not intended to limit the scope of the invention in any aspect. 

Example 1 

30 

[0054] The following catalyst samples are prepared by combining the ingredients and amounts listed In the Table 
with water. 



Table 



35 


Sample 


Metal Salt 


Organic Add 


Organic Binder 


Base 


Reducing Agent 




1 


CuClj (3 g/L) 


Tartaric acid (2 g/L) 


HPC (11 g/L) 


13MKOH(4g/L) 


HPA (25 g/L) 




2 


CuCl2 (4 g/L) 


Tartaric acid (5 g/L) 


HPC (11 g/L) 


13MK0H (6 g/L) 


HPA (25 g/L) 




3 


CuCl2(4g/L) 


Tartaric acid (7 g/L) 


HPC (11 g/L) ^ 


13MKOH(10g/L) 


SHP (40 g/L) 


40 


4 


CuCl2(5g/L) 


Tartaric acid (11 g/L) 


HPC (11 g/L) ' 


13 M KOH (23 g/L) 


SF(10g/L) 




5 


CuClj (4.5 g/L) 


Tartaric acid (11 g/L) 


HPC (11 g/L) 


13MK0H (28 g/L) 


SF (50 g/L) 




6 


PdClg (2 g/L) 


Tartaric acid (11 g/L) 


HPC (10 g/L) 


13 M KOH (28 g/L) 


HPA (25 g/L) 




7 


PdCl2 (3 g/L) 


Tartaric acid (11 g/L) 


HMC(15g/L) 


TMAH (20 g/L) 


HPA (25 g/L) 


45 


8 


PdCl2 (5 g/L) 


Tartaric acid (15 g/L) 


HPC (12 g/L) 


13 M KOH (20 g/L) 


SHP (40 g/L) 


.9 


PdCl2 (2 g/L) 


Citric acid (10 g/L) 


HMC (11 g/L) 


13 M. KOH (30 g/L) 


SF(10g/L) 




10 


CUCI2 (4.5 g/L) 


Citric acid (7 g/L) 


HMC (8 g/L) 


TMAH (15 g/L) 


SF (20 g/L) 




11 


CuCl2 .(5 g/L) 


Citric acid (8 g/L) 


PV0H(13g/L) 


TMAH (18 g/L) 


SHP (35 g/L) 



50 Example 2 



[0055] A copper seed layer which is discontinuous is applied by PVD to a barrier layer coated silicon wafer having 
^ 0.5 ^im apertures. Sample 1 is spin coated on the wafer and Is then dried at 90° C in air for 30 minutes. The catalyst 
is next activated by placing the wafer in an oven at 140° C for 1 5 minutes. The wafer is then contacted with an electroless 
55 copper bath to provide a substantially continuous copper seed layer. The wafer is then electroplated with an acid copper 
bath to provide apertures substantially filled with copper. 
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Example 3 

[0056] Example 2 is repeated except that the wafer does not contain any seed layer 
Example 4 " 

[0057] Example 3 is repeated except that Sample 8 is used. 



Claims 

1. A composition suitable for depositing an electroless plating catalyst on a substrate, preferably a substrate having 
5 1 urn apertures and more preferably a substrate having <0.5 fun apertures, comprising one or more metal salts, 
one or more copper complexing agents, one or more organic binders, one or more reducing agents and base. 

2. A composition as claimed in claim 1 . wherein the one or more metal salts are selected from copper or palladium 
salts. 

3. A composition as claimed in either claim 1 or claim 2. wherein the one or more complexing agents are selected 
from organic acids, preferably organic adds selected from (Ci-Ci2)a'Mcarboxylic acids, (C2-Ci2)aIky!dicart)oxylic 
adds, (Ci-Ci2)alkyltricarboxylic acids, substituted (Ci-Ci2)alkylcarboxylic acids, substituted (C2-Ci2)alkyldicarbo- 
xylic acids, substituted (Ci-Ci2)alkyttricarboxylic acids, (C2-Ci2)alkenylcarboxylic adds, (C2-Ci2)alkenyldicarbo- 
xylic adds. (C2-Ci2)alkenyltricarboxylic adds, substituted {C2-Ci2)alkenylcarboxylic adds, substituted (C2-C12) 
alkenyldicarboxylic adds, substituted (C2-Ci2)alkenyltricarboxylic acids, amine carboxylic acids, arylacrboxylic ac- 
ids or substituted arylcarboxylic adds, and more preferably organic adds selected from formic add, acetic add, 
propionic add, oxalic add. malonic add. sucdnic acid, glutaric add, adipic add, glubolic add. lactic add. tartaric 
add, citric add or malic add, EDTA, phthalic add. benzene tricariaoxylic add or sajidlic add. 

4. A composition as daimed in any one of the preceding daims. wherein the one or more organic binders are selected 
from cellulose, hydroxycellulose, hydroxyalkylcellulose such as hydroxymethylcellulose. hydroxyethylcellulose and 
hydroxypropylcellulose. polysaccharide polymers, cellulose polymers, derivatized cellulose polymers, polymers 
and copolymers of ethylene oxide and propylene oxide, polyurethane polymers having alternating hydrophobic 
and hydrophilic moieties, poly(maleic anhydride/methyr vinyl ether), polymethacrylic add, poly(vinyl alcohol) or 
naphthalene formaldehyde condensates. 

5. A composition as daimed in any one of tiie preceding daims. wherein ttie base is selected from lithium hydroxide, 
sodium hydroxide, potassium hydroxide, ammonium hydroxide or teti'a(C-,-C4)alkylammonium hydroxide. 

6. A method for depositing an electroless plating catalyst on a substrate, the substrate preferably having ^ 1 jim 
apertures and more preferably ^0.5 jim apertures, comprising the step of contacting the substrate with a compo- 
sition as claimed In any one of daims 1 to 5. 

7. A method for depositing a metal seed layer on a substi-ate or for enhancing a discontinuous metal seed layer that 
has previously been deposited on a substrate comprising the steps of: contacting said substrate or said substrate 
comprising a discontinuous metal seed layer witti a composition as daimed in any one of claims 1 to 5; activating 
the catalyst; and contacting the catalyst with an electroless plating solution. 

8. The method of claim 7 wherein the activating step comprises heating, exposure to carbon dioxide or eximer lasers 
or exposure to ultraviolet radiation. 

9. The method of daim 7 or daim 8. wherein ttie substrate comprises apertures < 1 )im apertures, preferably aper- 
atures <0.5 pm. 

1 0. A method for manufacturing an integrated drcuit comprising the steps of: contading a substrate with a composition 
as daimed in any one of daims 1 to 5; activating the catalyst; and contacting the catalyst with an electroless plating 
solution. 

1 1 . An electronic device comprising an electroless plating catalyst wherein the catalyst is deposited from a composition 
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as claimed in any one of claims 1 to 5. 
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